The multifrequency radio continuum and 21cm H i observations of five blue compact dwarf (BCD) galaxies, Mrk 104, Mrk 108, Mrk 1039, Mrk 1069 and I Zw 97 using the Giant Meterwave Radio Telescope (GMRT) are presented here. Radio continuum emission at 610 MHz and 325 MHz is detected from all the observed galaxies whereas only a few are detected at 240 MHz. In our sample, three galaxies (Mrk 104, Mrk 108 and Mrk 1039) are members of groups and two galaxies (Mrk 1069 and I Zw 97) are isolated galaxies. The radio emission from Mrk 104 and Mrk 108 is seen to encompass the entire optical galaxy whereas the radio emission from Mrk 1039, Mrk 1069, I Zw 97 is confined to massive H ii regions. This, we suggest, indicates that the star formation in the latter group of galaxies has recently been triggered and that the environment in which the galaxy is evolving plays a role. Star formation rates (SFR) calculated from 610 MHz emission is in the range 0.01 − 0.1 M ⊙ yr −1 ; this is similar to the SFR obtained for individual star forming regions in BCDs. The integrated radio spectra of four galaxies are modelled over the frequency range where data is available. We find that two of the galaxies Mrk 1069 and Mrk 1039, show a turnover at low frequencies which is well fitted by free-free absorption whereas the other two galaxies, Mrk 104 and Mrk 108, show a power law at the lowest GMRT frequencies. The flatter spectrum, localized star formation and radio continuum in isolated galaxies lend support to stochastic self-propagating star formation (SSPSF). The H i observations of four galaxies Mrk 104, Mrk 108, Mrk 1039 and Mrk 1069 show extended disks as large as ∼ 1.1 − 6 times the optical -2 -size. All the observed BCDs (except Mrk 104) show rotating disk with a half power width of ∼ 50 − 124 km s −1 . Solid body rotation is common in our sample. We note that the tidal dwarf (TD) origin is possible for two of the BCDs in our sample.
size. All the observed BCDs (except Mrk 104) show rotating disk with a half power width of ∼ 50 − 124 km s −1 . Solid body rotation is common in our sample. We note that the tidal dwarf (TD) origin is possible for two of the BCDs in our sample.
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Introduction
Blue compact dwarf galaxies (BCDs) are star forming dwarf galaxies whose bluer colours are attributed to ongoing star formation. They are gas-rich, compact, low luminosity (M B = −17 to −14) objects with low metal abundances ( 1 50 Izotov et al. 2006 ). They are not forming stars for the first time, as was predicted earlier (Searle et al. 1973; Searle & Sargent 1972) . All BCDs possess a faint low surface brightness component that is detected both in the optical and in the IR (Caon et al. 2005 and references therein; Ramya et al. 2009b) , implying the presence of old red stars. By analyzing colour maps and surface brightness profiles of the low surface brightness (LSB) component, the ages and chemical abundances of the underlying host galaxies have been determined (Noeske et al. 2000; Papaderos et al. 2002; Ramya et al. 2009b) . The enrichment of the ISM in dwarf galaxies mainly occurs during these short starburst events (Legrand 2000) . Kunth & Sargent (1986) proposed that if the metals produced during a starburst are immediately mixed with the surrounding H ii regions, the metallicity will rise very quickly to values of the order of 1/50th of the solar value which explains why no galaxy with metallicity lower than I Zw 18 (1/50th Z ⊙ ), a nearby BCD, has ever been found (Legrand 2000) .
A search for quiescent BCDs (QBCDs), carried out by Sánchez Almeida et al. (2008) indicates that after their bursting phase of a few 10 Myr to a few 100 Myr, BCDs enter the quiescent stage. BCDs spend about 30 times more time in the quiescent phase. However, QBCDs are found to be more metal rich than BCDs (Sánchez Almeida et al. 2008) which is yet to be understood. It is noticed that, none of the dwarfs or low surface brightness (LSB) galaxies show a SFR equal to zero (Legrand (2000) and references therein) which implies even during quiescence star formation occurs at a very low rate. Legrand (2000) has concluded through his modelling that the observed oxygen and carbon abundances in I Zw 18 can be reproduced by a continuous SFR of 10 −4 M ⊙ yr −1 after 14 Gyr. However to reproduce the present colours, they had to include a bursting episode. All this suggests the existence of a weak but continuous regime of star formation in these galaxies. A study of extremely isolated BCDs by Zitrin et al. (2009) concludes that the galaxy colours are better explained by the combination of a continuous star formation process with a recent instantaneous star burst, than by a combination of several instantaneous bursts as suggested previously.
A few BCDs also emit high ionization lines of He ii λ4686Å, [Ne v ] λλ3346, 3426Å, [Fe v ] λ4227Å, [Fe vii ] λλ5146, 5177Å, along with broad emission lines of Hβ, [O iii ] λλ4959, 5007Å and Hα in very low metallicity and dense interstellar medium which are believed to be due to supernovae (SNe) events and/or stellar winds (Izotov et al. 2007 , and references therein). Whether these low-metallicity BCDs can host an active nucleus is another current area of research. Chandra X-ray observations of star bursting dwarf galaxies, such as NGC 1569 and NGC 3077 (Grimes et al. 2005) seem to indicate that the material is blown out into the halo and consequently even removed from the galaxy leading to enrichment of the intergalactic medium.
BCDs harbour appreciable amounts of dust (Thuan et al. 1999b) , confirmed from the far-IR (FIR) emission at 60 µm, 90µm and 140µm (Hirashita & Ichikawa 2009 ). The optical properties of dust are similar to the dust in the Milky Way (Hirashita & Ichikawa 2009 ). However the dust in BCDs appears to be warmer. Weak polycyclic aromatic hydrocarbons (PAH) emission in the bands at 6.2, 7.7, 11.2 and 12.8µm is detected in some BCDs. PAH emission is suppressed in most metal-poor BCDs, believed to be because of a metallicity threshold below which PAHs cease to form (Wu et al. 2009; Dwek et al. 2005) . Engelbracht et al. (2005) and Engelbracht et al. (2008) found an anticorrelation between the dust temperature and metallicity implying warmer dust at lower metallicities of log(O/H)+12∼ 8 and temperature continues to fall with further reductions in metallicity. The dependence on metallicity is found out to be ∼ Z −2.5 down to log(O/H)+12∼ 8. The change in dust behaviour in terms of PAH emission, FIR colour temperatures and dust/gas mass ratio, all near metallicity log(O/H)+12= 8 indicate that near this metallicity there is a general modification of the components of the interstellar dust that dominates the infrared emission (Engelbracht et al. 2008 ).
Radio observations which include the 21cm spectral line of H i and radio continuum emission are useful in estimating the neutral gas content and kinematics, star formation rates and possible signatures of interactions. A sample of BCDs observed in H i confirms that metal poor systems tend to be gas-rich low-luminosity galaxies (Huchtmeier et al. 2007) . A range of spectral shapes at radio frequencies have been observed for BCDs (Hunt et al. 2005; Yin et al. 2003; Deeg et al. 1993; Klein et al. 1991) . The observed radio continuum spectrum is attributed to star formation. The FIR-radio correlation of BCDs is similar to that of normal galaxies (Yun et al. 2001 ).
The initial triggering mechanism, evolution of starburst and evolution of BCDs as a whole is not yet understood. Several mechanisms have been proposed, ranging from internal instabilities to external (especially tidal) triggers. If systems are isolated, star formation can be explained using the stochastic self propagating star formation mechanism (SSPSF), first proposed by Gerola et al. (1980) . Recent studies of large samples of star-forming dwarf galaxies (Noeske et al. 2001 ) that look for faint companions support the hypothesis of interactioninduced star formation in BCDs. A lower limit for the fraction of star forming dwarf galaxies found with companions is ∼ 30% (Noeske et al. 2001) . Thus, both the mechanisms are plausible and it is difficult to quantify the relative influence of the two mechanisms at a particular epoch.
The five blue compact dwarf galaxies studied here (Mrk 104, Mrk 108, Mrk 1039, Mrk 1069 and I Zw 97) are selected from a larger sample chosen for an optical study (Ramya et al. 2009b; Ramya et al. 2010) . In this paper, we present the 21cm H i tracing the neutral atomic gas and radio continuum observations at 240, 325 and 610 MHz tracing the combined distribution of thermal and non-thermal radiation for the five BCDs. This is the first time that many of these galaxies have been detected at frequencies < 1 GHz. Combined with the higher frequency observations from literature, where available, the radio spectra can be modelled. The distance to these galaxies is between 20 and 40 Mpc. Table ? ? lists the general properties of these galaxies.
Mrk 104 belongs to a loose group UZC-CG 94 consisting of 3 members, with the closest member, UGC 4906 an Sa galaxy separated from Mrk 104 in the sky plane by ∼ 330 kpc. The other member is PGC 26253. Mrk 104 has been classified as having a double nucleus in the process of merging (Mazzarella & Boroson 1993) . Ramya et al. (2009b) resolve the two nuclei and note that both show H ii region like spectra thus ruling out the presence of an AGN in the centre of the galaxy. Mrk 104 is situated at a distance of 31.2 Mpc and at this distance 1 ′′ corresponds to ∼ 151 pc.
Mrk 108 classified as an I0 in NED is one of the four members of the group Holmberg 124. NGC 2820 (of Hubble type SBc) is the closest neighbour. There is also a radio bridge connecting NGC 2820 and Mrk 108 to the third member of the group NGC 2814 (Kantharia et al. 2005) clearly indicating a tidal interaction. Several other signatures of hydrodynamic processes are also observed in the group (Kantharia et al. 2005) . This galaxy hosted a type IIp supernova, SN 1998bm indicating recent massive star production. Mrk 108 is situated at a distance of 22.2 Mpc and at this distance 1 ′′ corresponds to ∼ 108 pc.
Mrk 1039 is a member of the group USGC S087 (Ramella et al. 2002) and LGG 59 (Lyon group of galaxies : Garcia 1993) . DDO 023, DDO 020 and Mrk 1042 are the other members of the group. All the companion members are dwarf galaxies. Though located close to the Eridanus supergroup, it is not considered to be part of it (Brough et al. 2006) .
A type II supernova, SN 1985S is recorded in Mrk 1039. The galaxy is located at a distance of 28.8 Mpc (galactocentric distance taken from NED) and at this distance 1 ′′ corresponds to ∼ 139 pc.
The fourth galaxy in our sample, Mrk 1069 also lies close to the Eridanus supergroup but is not considered to be member of the group. No group membership is assigned to Mrk 1069. This galaxy is located at a distance of 20.7 Mpc from us and at this distance 1 ′′ corresponds to a distance of ∼ 100 pc.
I Zw 97 is an isolated galaxy with no neighbour within about 50 ′ (525 kpc). Thuan & Martin (1981) do not detect this galaxy in H i and conclude that the atomic gas surface density is < 2.7 × 10 6 M ⊙ Mpc −2 and the upper limit on the H i mass is 7.3 × 10 8 M ⊙ . Type II SN 2008bx was discovered recently in this galaxy, and Ramya et al. (2009a) reported the detection of radio continuum emission at 610 MHz from this supernova. The galaxy is at a distance of 36.1 Mpc. At this distance 1 ′′ corresponds to ∼ 175 pc.
This paper is structured as follows. Section 2 gives an account of the observations and data reduction. Section 3 gives a note on individual galaxies. Section 4 is a detailed discussion on our results and section 5 summarizes the study.
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Observations and data reduction
H i and radio continuum observations of Mrk 104, Mrk 108, Mrk 1039, Mrk 1069 and I Zw 97 were obtained using the Giant Meterwave Radio Telescope (GMRT: Swarup et al. 1991) . GMRT consists of 30 antennas of 45m diameter distributed along a Y. 14 antennas are situated in the central 1 km region whereas the rest are spread over a 25 km region. GMRT operates at five frequency bands namely 150 MHz, 240 MHz, 325 MHz, 610 MHz and 1420 MHz. We observed all the galaxies except Mrk 108 in the dual frequency mode in which data in two frequency bands namely 240 MHz and 610 MHz are simultaneously observed. We obtained the observations of Mrk 104, Mrk 108, Mrk 1039 and Mrk 1069 at 325 MHz bands also. All the galaxies except I Zw 97 were observed in the 21cm line of H i in the 1420 MHz band. We used a bandwidth of 4 MHz for all the galaxies and with 128 spectral channels this resulted in a channel width of 31.2 kHz (∼ 6.6 km s −1 ). Appropriate phase and amplitude (which also doubled as bandpass) calibrators were selected for the observations. Data reduction was carried out using the standard tasks in AIPS 1 .
To summarise our data reduction procedure, we imported the FITS file of the raw data to AIPS and selected a spectral channel after examining the data on the amplitude calibrator which was relatively free of radio frequency interference. This spectral channel of the amplitude calibrator was then gain calibrated and bad data were edited. Once the gain calibration was satisfactory, the data were used to obtain the bandpass calibration tables. In the next step, the visibility data on all sources were bandpass calibrated and then every 10 channels of the central 100 channels were averaged to avoid the effects of bandwidth smearing in the outer parts of the primary beam. The data on both the amplitude and phase calibrator of one of the 10 resultant channels were then used to obtain the complex antenna gains. After an iterative procedure involving calibrating the calibrator data and removing bad data, the final gain tables were generated and the target source data were calibrated.
The data were then imaged by using 9 facets across the primary beam with cellsize of 1 ′′ at 1420 MHz, 25 facets with cellsize of 2 ′′ at 610 MHz and 49 facets with cellsize of 4 ′′ , 3
′′ at 240 MHz and 325 MHz respectively. The analysed data on Mrk 108 were obtained from the authors of Kantharia et al. (2005) . The continuum data were then self-calibrated. At least three iterations of phase self-calibration were required. After the first self-calibration run, it was noticed that the 610, 325 and 240 MHz images improved considerably. A final round of amplitude and phase self-calibration was done for each of the data sets. The rms noise in the final 610 MHz maps is in the range 65-150 µJy whereas it is 1.2 − 1.9 mJy for the 240 MHz images. The rms noise in 325 MHz maps varies from 300-900 µJy. The rms noise in the 1420 MHz continuum maps range from 50 µJy for VLA Archive image to 150 µJy for the maps obtained from GMRT. Self-calibration at 1.4 GHz did not improve the image quality and hence the iteration procedure was stopped after two rounds of phase self calibration. The line-free channels were used to obtain the continuum images at 1.4 GHz.
The spectral line cube was made after removing the continuum emission using the task uvsub. We also constructed image cubes of angular resolutions varying from around 40 ′′ to 10 ′′ to examine both large scale and finer features in the H i distribution. The moment maps of these galaxies were created using the momnt task in aips. The galaxy I Zw 97 was not observed in H i as this galaxy was not detected in single dish observations (Thuan & Martin 1981) . More details of these observations and the results are presented in the Tables 2 and  3 . We also made images of Mrk 1039 using archival data from the Very Large Array (VLA) at 1.4 GHz, 4.8 GHz and 14.9 GHz.
While all the observed galaxies were detected at 325 MHz, 610 MHz and 1420 MHz, only Mrk 104 and Mrk 1069 were detected at 240 MHz. All the observed galaxies were also detected in the 21cm spectral line of hydrogen. The contours of the continuum images and H i column density, velocity maps of these galaxies overplotted on the optical images from DSS are shown in Figures 1-5 . Figure 1 shows the radio H i line and continuum data maps of Mrk 104, Figure 2 displays the radio maps of Mrk 108 at H i line and radio continuum bands. Figures 3, 4 and 5 show the radio continuum and H i line maps of Mrk 1039, Mrk 1069 and I Zw 97 respectively. Details of the flux densities along with rms noise of the maps are presented in Table 2. Table 3 shows the H i properties of these galaxies and Table 5 gives the radio-FIR properties of these BCDs. −2 ) of the galaxy. A small offset is noticed in the kinematic centre with respect to the optical centre. The H i mass is estimated to be ∼ 2.2 × 10 8 M ⊙ (refer Table 3 ) which is within a factor of 2 of the mass estimated from single dish measurements. Figure 1 (b) shows the kinematics of the H i gas. We note that Mrk 104 shows a distorted velocity field. The velocity is redshifted outwards from the centre of the galaxy (see Figure 1b) reaching velocities ∼ 2260 km s −1 in the northern parts and velocities of ∼ 2250 km s −1 in the southern parts. We detect a distinct cloud near the northern edge of the galaxy at velocities ∼ 2211 km s −1 (see Figure 1b) . This cloud has no optical counterpart.
Figure 1(c) shows the H i column density contours overlaid on the Hα image of the galaxy taken from Ramya et al. (2009b) . The H i peak is located in between the two H ii regions as seen in the Hα image. Figure 1 (d) shows the position-velocity curve drawn along the major axis of the galaxy. Deviations from simple rotation are clearly seen in this diagram. As seen in the lower part of the figure, the edges of the galaxy show high velocity whereas the central parts show lower velocities. The northern cloud seen near declination 53
• 27 ′ 10 ′′ shows a very different velocity compared to the edge of the galaxy indicating it is not a part of the galaxy.
-10 - Table 2 :: The radio continuum flux density and RMS noise on the GMRT images of the five galaxies. b This data is obtained after collapsing the line free channels of H i data observed from the GMRT to obtain the continuum map. RMS noise here corresponds to the noise in the 50 channels that are collapsed. ((0.5, 2, 4, 6, 7 .5) ×10 20 cm −2 ) overlaid on the continuum subtracted Hα image (Ramya et al. 2009b ). The peak contour shows that the peak H i emission lies between the two H ii regions. (d) Position-velocity curve along the major axis (5
Galaxy
• east of north) of the galaxy. Note that the major axis coordinates are plotted along the x-axis. The contours are plotted at (2.5, 3, 4, 5)×1.3 mJy/beam. Note the similar velocities observed in the north and south of the galaxy and the cloud showing a distinct identity in the PV diagram. It could be an infalling cloud. The angular resolution of all the maps is 21
The galaxy is detected in the radio continuum in all the four bands -240, 325, 610 MHz and 1.4 GHz (Figure 1e ,f,g,h). The continuum emission encompasses the entire optical galaxy and appears to consist of two radio peaks almost coincident with the Hα peaks. The global spectral index, α(325, 610) = −0.8 (where S ν ∝ ν α ) and α(610, 1420) = −0.4 imply dominance of non-thermal emission at the lower frequencies and probable contribution from thermal processes at the higher frequencies. shows the velocity field of Mrk 108 which is distinct from that of NGC 2820. The systemic velocity of the galaxy given in NED is 1562 km s −1 . We estimate a H i mass of 1.6 × 10 8 M ⊙ with an error of ∼ 30% due to the large H i disk of its neighbour NGC 2820.
The galaxy is detected at 325 MHz, 610 MHz and 1280 MHz (see Figure 2 d,e,f). (1991) . For Mrk 1069, the optical diameter is taken from K band image as given in NED. Kirby et al. (2008) for galaxies with B − R ∼ 2 (Vaduvescu et al. 2007 ), the average colour of the dwarfs. The K band luminosity is estimated from 2 MASS magnitudes. d -This is lower by an order of magnitude compared to Thuan & Martin (1981) who used single dish observations and hence included contribution from the massive neighbouring spiral NGC 2820. Our interferometric estimate is a better estimate of the mass of this galaxy. e -M(dyn) is estimated using the simple assumption of circular orbits i.e. using M = 3. Mrk 1039 : The H i intensity and kinematics are shown in Figure 3 (a),(b). A warped gas disk is visible in Figure 3 (a) whereas the stellar disk does not show any signature of the warp. The velocity field (Figure 3(b) ) shows the rotating gas disk with small distortions in the outer parts especially in the western half. Such small kinks and bends were also noticed by Thuan et al. (2004) . The velocity dispersion of Mrk 1039 varies from ∼ 15 km s −1 at the edges of the galaxy to 45 km s −1 in the central regions. The H i mass is estimated to be 1.25 × 10 9 M ⊙ (Table 3) which is in good agreement with the mass estimated from single dish measurements. The H i disk is about ∼ 1.1 times the (D 25 ) optical size of the galaxy. Figure 3(c) shows the H i column density map at a resolution of 13 ′′ × 10 ′′ . The smooth H i distribution seen in the lower resolution image is resolved into several high column density clumps, noticeably the clouds on the eastern and western edges. • east of north). The disk seems to execute solid body rotation till the outskirts of the galaxy. Figure 3(e) shows the H i column density (high resolution) contours overlaid on the Hα images taken from Ramya et al. (2010) . It is seen that the high column density H i gas overlaps with the strong H ii regions in the eastern side of the galaxy, from where radio continuum emission is also detected.
The continuum maps at 325, 610 MHz (GMRT data), 1.4 and 14.9 GHz (from VLA archival data) are shown in the Figures 3f-i. The radio emission appears to be coupled to the bright H ii region near the eastern edge of the galaxy. Note that the emission at 610 MHz is more extended compared to that at 14.9 GHz indicating the presence of non-thermal emission. Figures 3(j) and (k) show 325 and 610 MHz contours overlaid on the Hα image shown in Ramya et al. (2010) . This galaxy hosted a type II supernova SN 1985S close to the region from where we detect radio continuum emission (marked by a star in Figure 3 ). We do not detect the galaxy at 240 MHz with a 3σ limit of 5 mJy. The integrated spectral index between 610 MHz and 1.4 GHz is α ∼ −0.8 and α(325, 610) = +0.48. (Table 3 ) the optical size of the galaxy. The H i disk shows a slight warp in the northern parts. The southern part of the disk appears to be abruptly truncated. The galaxy shows rotation (Figure 4(b) ). A slight offset between the optical centre and the kinematic centre is noticed in this galaxy similar to Mrk 104. We estimate a H i mass of 2.7×10 8 M ⊙ (Table 3) which is lower by a factor of about 3 compared to the single dish estimate. Higher resolution (21 ′′ ×13 ′′ ) column density distribution is shown in Figure 4 (c). Figure 4(d) shows the higher resolution column density map overlaid on the Hα images of Ramya et al. (2010) . There appears to be an offset between the higher column density H i peaks and the Hα peaks. The position-velocity curve (refer Ramya et al. (2010) . Contour levels are same as in (c). It is noticed that the highest column density contour is off-centered from the Hα image. (e) Position-velocity curve along the major axis (60
• east of north) of the galaxy. The contours are plotted at 2.3×(3, 4, 5, 6, 7) mJy/beam. This P-V diagram is created using the lowest resolution (41
MHz (Figure 4f -h respectively). The radio continuum emission arises in the central parts of the galaxy and extends to the north. The global spectral index between 610 -6, -4, 4, 5, 6, 8, 12, 16, 20, 28) MHz and 1.4 GHz is ∼ −0.4 and between 325 and 610 MHz is ∼ +0.13.
The 610 MHz and the 1.4 GHz images show a bipolar outflow-like feature extending along the minor axis. Interestingly, this feature shows a slightly flatter spectrum as compared to the surrounding emission as seen in the spectral index map between 610 and 1420 MHz (Figure 4(i) ). We note that a similar feature has been seen in the galaxy F08208+2816 (Yin et al. 2003) . Figure 4 (j) shows 610 MHz contours overlaid on the Hα image of Ramya et al. (2010) , it is noticed that the extent of emission in 610 MHz and in the Hα are the same. However, no obvious bi-polar like feature is visible in the Hα map. Higher sensitivity and higher resolution data are required to confirm the existence and nature of this radio feature.
An extended source situated at 03 h 08 m 21
′′ .7 −13
• 54 ′ 42 ′′ .1 (refer Figure 4(g) ) east of Mrk 1069 is detected at 610 MHz with a flux density of 1.43 ± 0.18 mJy. This background source is identified with 2MASX J03082177-1354425.
I Zw 97 :
We do not detect the galaxy at 240 MHz upto a 5 σ limit of 7.5 mJy on the flux density of the galaxy. We detect radio emission from this galaxy at 610 MHz (see Figure 5 (a)) with an integrated flux density of about 1.14 mJy. This is the first detection of this galaxy in radio bands to the best of our knowledge. We note that it has not been detected in the NVSS (Condon et al. 1998 ) and FIRST (Becker et al. 1995) surveys at 1.4 GHz. The emission at 610 MHz arises in two discrete regions of the galaxy. We also note that a type II supernova SN 2008bx was discovered in this galaxy on 2008 April 22 (Puckett et al. 2008) . The southern component seen in our 610 MHz image is emission associated with the supernova SN 2008bx (Ramya et al. 2009a ). The radio continuum emission coincides fairly well with the Hα emission (see Figure 5 (b), Hα image taken from Ramya et al. (2009b) ). The galaxy is not detected in single dish H i observations (Thuan & Martin 1981) .
4. Discussion 4.1. Radio continuum spectra Figure 6 shows the observed radio spectra of the five galaxies. The spectra of Mrk 1069 and Mrk 1039 are seen to turn over at frequencies below 610 MHz, while, the spectra of Mrk 104 and Mrk 108 show a power law upto the lowest GMRT frequencies. The observed radio continuum emission for Mrk 1039 and Mrk 1069 is mostly confined to the star forming regions traced by Hα. Klein et al. (1991) noted that the break frequency is below 1 GHz in their sample of BCDs. We note that Mrk 108 (dotted line in Figure 6 ) is projected close to NGC 2820 and hence it is difficult to separate the emission of NGC 2820 from Mrk 108 at the low frequencies where the beamsize is larger. There is a possibility that the lower frequency emission (i.e. frequencies less than 1 GHz) includes contribution from the spiral companion.
We have combined VLA archival data at higher frequencies with our low frequency GMRT data for Mrk 1039. The spectrum (Figure 6 ) flattens for ν > 1.4 GHz and the emission appears to be dominated by thermal emission. Since the higher frequency data is not available for other galaxies in our sample, we cannot comment on their behaviour at these frequencies. Klein et al. (1991) have noted flat spectrum at higher frequencies with non-thermal spectral index ranging from −0.7 to −2 for some galaxies in their sample. However the low frequency observations (325 MHz) by Deeg et al. (1993) suggest that the average spectral index of the nonthermal emission is ∼ −0.7. Moreover, the thermal fraction at 1 GHz is seen to vary from about 5% to 72% (Klein et al. 1991) . Our sample is a subset of a larger optically selected sample of BCDs and hence distinct from the sample of Klein et al. (1991) and Deeg et al. (1993) . We have been able to model the observed integrated radio continuum emission using four models: (1) the observed emission is non-thermal synchrotron emission; (2) the observed emission is a combination of thermal free-free and non-thermal synchtrotron emission along the line of sight; (3) the non-thermal emission at low frequencies is free-free absorbed by the thermal region in the same volume; and (4) the observed emission is a combination of both thermal and non-thermal, and the non-thermal emission is free-free absorbed by the thermal gas of optical depth τ 1 . Since these cases well represent what we understand about radio emission from galaxies and they explain the observed low frequency spectrum of the BCD galaxies, we have not explored the case of synchrotron self-absorption which we believe will not be important in these galaxies. Deeg et al. (1993) have shown that both free-free absorption at lower radio frequencies and time-dependent electron injection models explain the flattening of the spectrum at lower radio frequencies. However since we detect a clear low frequency turnover in only two galaxies, we have not tried to distinguish between the two models. Figure 7 shows the best fits using one of the four models given below to the observed points.
The four equations which were fitted were:
(1) The observed emission is non-thermal synchrotron emission which is fitted with power law index α:
(2) The observed emission is a combination of non-thermal (S nth ) and thermal free-free emission (S th ):
(3) The low frequency emission is free-free absorbed by the thermal material intermixed with the emitting region with optical depth τ 1 (Equation taken from Deeg et al. (1993) ):
(4) The observed emission is a combination of both non-thermal and thermal emission. The non-thermal component at lower frequencies is free-free absorbed by the thermal gas intermixed with the emitting region with optical depth τ 1 (Equation taken from Deeg et al. (1993) and modified to include thermal emission):
In the above equations, c 1 is a constant, while c 2 is the thermal emission at frequency ν. While a power law i.e. model (1) is the best fit to the spectrum of Mrk 108, the observed spectrum of Mrk 104 is best fit by including contributions from thermal and non-thermal emission i.e. model (2). The observed spectrum of Mrk 1069 was best fit by model (3) i.e. free-free absorption of synchrotron emission giving rise to a low frequency turnover. Mrk 1039 is best fit using model (4). These fits are shown in Figure 7 and the parameters are listed in Table 4 . Since the number of input points are small, the observed points were first spline interpolated. The interpolated points were then given as input data points to the programme which used the Levenberg-Marquardt algorithm as given by Press et al. (1993) to find the best fit. The fitted parameters and the physical quantities derived using these fitted parameters are given in Table 4 . The reduced χ 2 values are given in Table 4 . Galaxy-wise results from the modelling procedure are given below: Mrk 104: The best fit model ( Figure 7 ) for this galaxy is when the fitted emission consists of both thermal and non-thermal emission. This is also obvious from the observed spectrum which shows that the emission at 1.4 GHz is more than expected from a power law. We estimate the thermal fraction at 1.4 GHz of ∼ 80% and the spectral index, α of the synchrotron spectrum is −1.67 (Table 4) . Compare this with a typical thermal fraction of ≤ 10% and synchrotron spectral index of ∼ −0.7 or −0.8 for normal spiral galaxies (Dale & Helou 2002; Condon 1992) . However, no signature of free-free absorption towards the lower frequencies is seen down to 240 MHz. The fraction of thermal emission in the galaxy is fairly large implying a young burst of star formation. Ramya et al. (2009b) show that this galaxy has an abundant 4 Gyr population + ∼ 500 Myr population and young burst of star formation which is ∼ 10 − 15 Myr old. Moreover they show that the major contribution to the total mass in this galaxy is the Gyr old population whereas the dominant contribution to the total light comes from the ∼ 500 Myr population.
Star formation rate (SFR) is calculated using the 610 MHz emission as given by equation 21 of Condon (1992) . The spectral index α obtained from the fit is used to calculate the SFR. The SFR is 0.023 ± 0.011 M ⊙ yr −1 for Mrk 104 (Table 5 ). The SFR estimated using the FIR luminosity, following Yun et al. (2001) is 0.12 ± 0.04 M ⊙ yr −1 . The SFR (> 10 M ⊙ ) estimated from the Hα flux is 0.04 M ⊙ yr −1 and is in the range 0.0003 − 0.004 M ⊙ yr −1 for individual star forming regions (Ramya et al. 2009b ). The SFR calculated using Hα flux is in reasonably good agreement with the SFR found using the 610 MHz emission. The parameter q (Condon et al. 1991) which is a measure of the starburst versus AGN nature of the radio emission is also estimated and tabulated. Normal galaxies which show the FIR-radio Fig. 7 .-: The model fits to the observed spectra of four galaxies. In each of the panels, the dashed line represents the thermal component, dotted line represents the non-thermal component (modified by free-free absorption in the case of Mrk 1039 and Mrk 1069). The solid line represents the best fit to the observed points. The best fit model to the galaxy Mrk 104 is the combination of synchrotron emission and thermal bremstrahlung emission. Mrk 108 is best fit with a power law spectrum. Mrk 1039 is best fit assuming a combination of thermal and non-thermal emission, and the non-thermal emission is absorbed by the thermal gas mixed in the region. Mrk 1069 is best fit with synchrotron emission and thermal free-free absorption at lower frequencies. Table 4 gives the values of the fitted parameters.
(1.4 GHz) correlation have a value of q = 2.35 ± 0.2 (Condon 1992; Yun et al. 2001 ), while q is 2.44 ± 0.02 (Table 5) for Mrk 104 which is within the observed scatter for the correlation.
Mrk 108: The galaxy located in the group Holmberg 124 is best fit (Figure 7 ) with a power law spectrum. The spectral index of this non-thermal emission is ∼ −1.36 (Table 4) and we note that the possibility that the lower frequency flux density is overestimated due to contribution by the large companion NGC 2820 cannot be ruled out. If the error introduced by NGC 2820 is small and the steep index is real then it could be due to galaxy-wide star formation induced by tidal interaction. The SFR (refer Table 5 ) calculated using the flux at 610 MHz is 0.051 ± 0.036 respectively. q value could not be estimated due to the lack of IRAS FIR fluxes in the literature.
-28 - Table 5 :: Radio-FIR properties for the five BCDs. 1σ errors are quoted in the brackets.
Mrk 104 a -FIR data is obtained from IRAS Faint Source Catalog (source: NED) and the parameters are calculated using the equations given in Yun et al. (2001) . b -The non-thermal fraction of the total 610 MHz flux obtained from the model is used to estimate the SFR using the equations given in Condon (1992) . c -The Hα SFR (> 10 M ⊙ ) is calculated using the equation of Kennicutt (1983) and quoted from Ramya et al. (2009b) . d -The Hα SFR is quoted from Ramya et al. (2010) .
Mrk 1039: The observed emission of Mrk 1039 for which we have also analysed and included higher frequency data from the VLA archives shows a flattening at higher frequencies and turnover at lower observed frequencies. The observed emission is well fitted by a combination of thermal and non-thermal emission and the non-thermal emission is absorbed at lower frequencies by thermal gas as shown in Figure 7 . The thermal and non-thermal emission are mixed. This is possible in a young (∼ 10 6−7 yr) starburst region which is also recording supernovae as the massive stars evolve but the relativistic electrons have not yet had time to diffuse through the galaxy. The spectrum is modelled using equation (4). The optical depth is τ 1 =0.42. This gives an emission measure (EM) of 1.26 × 10 6 pc cm −6 for an assumed temperature of 10000 K. The H ii regions electron density is then n e ∼ 354 cm −3 assuming a 10 pc size for the region. The parameters of the fit are given in Table 4 . Using this and following Hunt et al. (2004) , the total number of ionizing photons is calculated to be 9.82 × 10 52 photons/sec which corresponds to 9820 O7 V stars in that region. The Hβ flux calculated using the thermal radio flux is 4.72 × 10 −13 erg cm −2 s −1 , which agrees with the values quoted by Yin et al. (2003) and Huang et al. (1999) . This implies that there is a young and intense star formation in this galaxy, Huang et al. (1999) have estimated an age of 4 Myr for starforming regions in the galaxy. The spectral index of the non-thermal emission is fairly steep, α ∼ −1.85 (Table 4) . We note that a type II supernova SN1985S has occurred to the south west of the centre of the galaxy (shown by a star in Figure 3) . Although its location is close to the part of the galaxy from which radio emission is detected, no radio emission is seen to be coincident with it. The 610 and 325 MHz emission is clearly more extended than the image at 15 GHz obtained using VLA archival data (see Figure  3 i,j,k) but does not encompass the supernova.
We estimate the q parameter to be 2.90 ± 0.03 (Table 5) . A similar value for this galaxy was also obtained by Yin et al. (2003) (q = 2.94). SFR calculated using FIR luminosity is 0.48 ± 0.09 M ⊙ yr −1 . Using the 610 MHz emission, we estimate a SFR of 0.060 ± 0.016 M ⊙ yr −1 for this galaxy. The SFR(> 10 M ⊙ ) quoted in the table is 0.173 M ⊙ yr −1 but the SFR for individual knots varies from 0.01-0.15
Mrk 1069: The observed spectrum of Mrk 1069 shows a clear turnover at lower frequencies and hence was modelled using a combination of non-thermal emission and free-free absorption at the lower frequency. Higher frequency archival data was not available for this galaxy. The best fit is shown in Figure 7 . The spectral index of the non-thermal emission is ∼ −0.51 and the optical depth of the absorbing thermal gas is 0.13. Assuming an electron temperature of 10 4 K implies a modest EM of 3.7 ×10 5 cm −6 pc (Table 4) . For an H ii region of size 10 pc, this implies an electron density of about 192 cm −3 . The radio emission is intense near the optical centre of the galaxy and extends towards the north along the major axis as seen in our 610 MHz image. We also detect a bipolar outflow like feature extending along the minor axis of the galaxy in our 1.4 GHz image (Figure 4 h ) and hints of the same are visible at 610 MHz. Similar feature is not detected in Hα (Figures 4 j) but our images are not deep enough. The feature needs to be confirmed with higher frequency, higher resolution radio continuum data. We note that Hunt et al. (2005) have detected a similar outflow in the galaxy I Zw 18. We estimate q = 2.32 ± 0.06 (Table 5) 
I Zw 97:
The galaxy, I Zw 97 is detected only at 610 MHz and is undetected in any other frequency. Due to this, the modelling of the spectra could not be done. The SFR calculated using the FIR luminosity is 0.17 ± 0.05 M ⊙ yr −1 (Table 5 ) and using 610 MHz flux 0.023 ± 0.023 M ⊙ yr −1 . Using the Hα flux quoted in Ramya et al. (2009b) , we find the SFR is 0.001 − 0.03 M ⊙ yr −1 if we consider the production rate of stars of masses greater than 10M ⊙ .
For all the five galaxies, the SFR calculated using FIR emission is higher than SFR calculated using the radio continuum emission at 610 MHz by a factor ranging from 2 to 10. The SFR calculated using radio emission is comparable to the SFR calculated for individual star forming regions from Hα for Mrk 1039 and I Zw 97, whereas, the SFR for Mrk 104 matches well with the SFR calculated from the total Hα emission.
We also examined the nature of the radio spectra of the BCDs studied in the radio continuum by Klein et al. (1991) and Deeg et al. (1993) . Klein et al. (1991) have studied 23 galaxies and a smaller sample of seven galaxies from this has been studied at lower frequencies by Deeg et al. (1993) . In our sample of five, we notice that the galaxies in groups (i.e. Mrk 104 and Mrk 108) appear to show a power law spectrum to the lowest observed frequency whereas the relatively isolated galaxies (Mrk 1069, Mrk 1039) show a low frequency turnover. Although Mrk 1039 is in a group, we note that the other members are low mass dwarf galaxies unlike in the case of Mrk 104 and Mrk 108 which have massive spirals as members. We examine the behaviour exhibited by the Deeg et al. (1993) sample. We have tabulated the results in Table 6 . The first column gives the name of the galaxy, the second the group name or notes its isolated status, the third the number of group members. The fourth and fifth columns list the radio spectral indices of the galaxy for two sets of frequencies, and the last column gives the reference to the information collected. For the galaxies whose membership is not determined, its status is kept as 'single ?' and also the information regarding the nearby galaxy and possible partner is mentioned, as obtained from Hyperleda. Interestingly, the spectra of galaxies which are relatively isolated show flattening at the lower frequencies (less than 1 GHz) both in our sample and that of Deeg et al. (1993) .
Thus, three out of seven galaxies from Deeg et al. (1993) are isolated, and show flattening at the lowest frequency (325 MHz) that they observed. The galaxy Mrk 1069 which shows flattening at the lower frequency is isolated, while Mrk 1039, also showing flattening, is a member of a group having only dwarfs as group members. The flattening is probably related to the compact radio emitting, star forming regions. The localised emission could be a result of the trigger of star formation being relatively local in the case of isolated BCDs, following the scenario of stochastic self propagating star formation (SSPSF; Gerola et al. (1980) ). Thus, from Table 6 we can derive two inferences; (a) the overall spectrum of relatively isolated galaxies is flatter compared to BCDs in denser environments and (b) the spectrum turns over at low frequencies (ν ∼ 610 MHz) for relatively isolated galaxies. However, these are preliminary results based on a small sample and should be confirmed with a study of a larger sample of BCDs in radio. 
Atomic gas distribution
The atomic gas is much more extended than the stellar extent, a feature generally seen in most late type galaxies and also most BCDs . The typical peak H i column density in these galaxies is ∼ 10 21 cm −2 at a resolution of 45 ′′ × 35 ′′ ( ∼ 5.0 × 5.0 kpc). Hence most of the galaxy has lower H i column densities. According to Skillman (1987) , Taylor et al. (1994) , the star formation in dwarf galaxies occurs only above a constant threshold H i column density of N(H i) ∼ 10 21 cm −2 . However, column densities of 10 20 cm −2 are fairly common in metal deficient dwarf galaxies (Ekta et al. 2006; Ekta et al. 2008; Begum et al. 2008 , and references therein). A preliminary study of a small sample of galaxies from the FIGGS survey (Begum et al. 2006) suggested that unlike brighter dwarfs, the faintest dwarf galaxies do not show well-defined threshold density (Begum et al. 2008 ). Thus, the requirement for the threshold column density may not be uniform.
The H i masses (Table 3 ) calculated here are in the range 10 8 − 10 9 M ⊙ similar to the ones quoted in Thuan et al. (1999a) and Thuan & Martin (1981) . A large discrepancy in Mrk 108 is noticed. Since Mrk 108 is located on the edges of NGC 2820, our mass estimate is more accurate. Tables ?? and 3) by Thuan & Martin (1981) and Thuan et al. (1999a) . The component at 2211 km s −1 is from the H i cloud seen to the north of Mrk 104 which has no optical counterpart. The velocity field of Mrk 104 is distorted as shown in Figure 1 (b) -we also note that it is classified by NED as a peculiar galaxy. The velocity field is receding on either side of the centre. The H i distribution across the galaxy shows a steep rise in the column density on the eastern side of the galaxy and diffused gas in the SW and NW. Note that the closest projected part of the galaxy to this cloud has velocities of ∼ 2260 km s −1 . Thus either (1) the cloud is falling onto the galaxy from behind; a remnant of tidal interaction in the group or (2) the cloud has been pulled out of the galaxy.
The nearest neighbour to Mrk 104 is the galaxy UGC 4906 whose integrated H i profile (Springob et al. 2005) shows it to be a rotating mildly lop-sided H i disk. PGC 26253 (2297 km s −1 ) ∼ 17 ′ .5 (159 kpc) away towards south of Mrk 104 is the other member in the group. A separate cloud-like entity is detected to the north of Mrk 104. The galaxy has a distorted velocity field. All of the above seem to suggest that Mrk 104 has experienced tidal forces. Using the peak velocity from the P-V diagram, we estimated the dynamical mass using (V 2 R/G). The M(H i )/L K and M(dyn)/L K ratios calculated are given in Table 3 .
83M ⊙ /L ⊙ for this galaxy and the width of the H i line is around 69 km s −1 . Most of the parameters seem to suggest that the dark matter content is low and a tidal dwarf origin for Mrk 104 is possible.
H i emission is detected from Mrk 108 (see Figure 2) . The velocity field of Mrk 108 is distinct from its large neighbour NGC 2820 (Figure 2(c) ). The line profile of Mrk 108 is best fit with two components centered at 1406 and 1446 km s −1 with widths 52 and 117 km s −1 . The component with centre velocity at 1446 km s −1 is contributed by NGC 2820. The emission from Mrk 108 is continuous to that from NGC 2820; hence we note that the mass from single dish observation by Thuan & Martin (1981) is overestimated. The M(H i )/L K ratio is 0.41 and M(dyn)/L K is 2.86 adopting (V 2 R/G) and the width of H i line is around 52 km s −1 . A possible tidal dwarf galaxy is detected in the west (Kantharia et al. 2005 ) of NGC 2820. Mrk 108 has experienced tidal interaction due to the large neighbouring spirals. Thus the situation is similar to Mrk 104 and Mrk108 as a tidal dwarf galaxy cannot be ruled out. With masses being similar to those of tidal dwarf galaxy candidates (Wetzstein et al. 2007 ) and being rotation dominated, the idea that a good number of BCDs in the groups might have originated in the tidal tails of larger galaxies is not an improbable scenario.
The observed H i emission of Mrk 1039 is about 1.1 times the size of the optical galaxy and the H i disk is warped (see Figure 3(a) ). No warp is visible in the underlying stellar disk. The optical and kinematic centres seem to coincide. The velocity field shows a smooth gradient across the galaxy with some distortions in the western half. The higher resolution map in Figure 3(c) shows the higher column density regions on both edges of the galaxy disk. We note that radio continuum emission is coincident with the eastern half of the stellar disk hosting a strong H ii region (see Figure 3 (f)) and a H i clump is also seen in the same region. High column density H i is also associated with the stellar component in the western half of the galaxy from which no radio continuum has been detected. The P-V diagram through the major axis (90
• east of north; see Figure 3 (d)) also shows that the gas in the galaxy is mainly executing solid body rotation. The H i line profile is double-horned (see Figure  8) . The fitted parameters are given in Table 3 The H i distribution and velocity field of Mrk 1069 are shown in Figure 4 . The H i disk (∼ 185 ′′ diameter) is about six times the size of the optical disk (D 25 =∼ 34 ′′ ) and higher column density gas is seen in the central and northern parts of the galaxy similar to the distribution of the radio continuum emission (see Figure 4c,d) . Diffuse H i is seen in the southern parts of the galaxy. The galaxy shows a smooth gradient in the velocity field with minor distortions. The optical and kinematic centre appear to be displaced. This has also been observed in other BCDs by Thuan et al. (2004) who attributed it to the energy input into the ISM through violent starbursts. The nearest galaxy, a dwarf, UGCA 052, is located around 16 ′ (96 kpc) to the south western side of this galaxy but the two galaxies have not been classified in the literature as being associated. The M(H i )/L K ratio calculated for Mrk 1069 is 0.10 M ⊙ /L ⊙ and the width of line emission is 61 km s −1 . The M(dyn)/L K is about 1.99.
Conclusion
The radio continuum observations at frequencies 610 MHz, 240 MHz, 325 MHz, 1.28 GHz and 1.4 GHz with H i observations and analyses of five blue compact dwarf galaxies (BCDs) using the Giant Meterwave Radio Telescope (GMRT) are presented here. The H i observations of four BCDs namely Mrk 104, Mrk 108, Mrk 1039 and Mrk 1069 have revealed their large H i disks about 1.1 -3 times the optical size of the galaxy. The typical H i masses range between 2 × 10 8 − 10 9 M ⊙ . These values are typical of blue compact dwarf galaxies. We also detect a cloud close to the disk in Mrk 104 with no obvious optical counterpart and speculate that these might have influenced the current burst of star formation. Rotation is clearly noticed in the velocity maps of Mrk 108, Mrk 1039 and Mrk 1069. The H i line profiles show multiple components. Mrk 104 has a H i mass of 2 × 10 8 , rotation velocity is 69 km s −1 and M(dyn)/L K ∼ 1. Mrk 108 with total H i mass is 1.6 × 10 8 M ⊙ , M(dyn)/L K ∼ 3, rotation velocity ∼ 52 km s −1 and is situated very close to the galaxy NGC 2820 (a spiral galaxy). Mrk 104 and Mrk 108 are similar with the nearest group member being a large spiral. A tidal origin cannot be ruled out for these two galaxies.
All the galaxies are detected in radio continuum at 325 MHz and 610 MHz and the emission at this frequency is dominated by non-thermal emission. Out of the five galaxies, only two galaxies namely Mrk 104 and Mrk 1069 are detected at 240 MHz. I Zw 97 is detected for the first time in the radio; neither the NVSS survey nor the VLA FIRST survey detect it. Thermal and non-thermal separation is attempted for the four galaxies namely, Mrk 104, Mrk 108, Mrk 1039 and Mrk 1069. While the observed spectrum of Mrk 1069 can be explained by synchrotron spectrum absorbed by thermal gas at the lower frequencies, the observed spectrum of Mrk 104 could be explained as being due to combined thermal and non-thermal emissions. The observed spectrum of Mrk 108 is only due to pure nonthermal emission and the continuum emission in Mrk 1039 is explained as a combination of thermal and non-thermal emission with the non-thermal emission being absorbed at the lower frequencies by the thermal gas mixed in the region. We estimate a thermal fraction at 1.4 GHz of ∼ 80% and ∼ 45% of the total emission for Mrk 104 and Mrk 1039 which is much higher than the ∼ 10% generally seen in normal spiral galaxies (Condon 1992) . The emission in Mrk 1039, I Zw 97 and Mrk 1069 is confined to the H ii region and we note that the epoch of star formation in Mrk 1039 is considered to be fairly young ∼ 4 Myr (Huang et al. 1999 ).
The SFR estimated from the observed emission at 610 MHz results in values in the range 0.01-0.1 M ⊙ yr −1 . These are similar to the values of SFRs obtained for the individual star forming regions using Hα fluxes (Ramya et al. 2009b ) in case of Mrk 1039 and I Zw 97 whereas it matches with the SFR estimated from global Hα for Mrk 104. Emission detected at 610 MHz from Mrk 1039, Mrk 1069 and I Zw 97 is localized to the H ii regions seen in the Hα images, which indicates that the SFRs obtained from the radio measurement represents the SFRs of a few individual H ii regions in these galaxies. On the other hand, the 610 MHz emission from Mrk 104 is seen to encompass the entire galaxy.
Combining our results with those of Deeg et al. (1993) -the only other study of BCDs in low frequency radio continuum -we find that on the average, the galaxies which are classified as isolated galaxies tend to show a somewhat flatter observed spectrum as compared to galaxies which are classified as being in groups. This, we interpret as due to a larger fraction of thermal emission mixed with the non-thermal in the former case, as one expects for young localized starbursts. However a flatter injection spectrum of a young localized starburst region could also explain this. We further note that the starburst in a galaxy in tenuous environment is likely to be more localized. The flatter spectrum seen in isolated galaxies with localized star formation in the form of compact star forming regions and localized radio continuum emission, all suggest stochastic self-propagating star formation.
